Introduction
Feline immunodeficiency virus (FIV) is a member of the genus Lentivirus of the Retroviridae family. 1 FIV is an important viral pathogen that infects domestic and wild cats and can cause a slow, progressive degeneration of the immune system, which eventually leads to a disease comparable to AIDS in humans. 2, 3 The major characteristic of FIV infection is the CD4+ T-cell loss and reduced CD4+/CD8+ ratios that precede the development of immunodeficiency in a proportion of infected cats. FIV has been studied widely as both an important veterinary pathogen and an animal model for HIV/AIDS. 1, 4 The outcome of infection depends on the balance between the viral destruction of the immune system and the ability of the remaining immune system to eliminate the virus.
The virus persists in the cat host through active replication and is able to avoid clearance by the immune system. Active replication is an important component of the rapid evolutionary potential of FIV, a potential that manifests itself in the evolution of immune escape variants, drugresistant variants and variants with the ability to use cell surface receptors in a different way. 5, 6 Lentiviruses are complex retroviruses containing accessory genes that encode regulatory proteins, in addition to three large open reading frames, gag, pol and env. Isolates can be grouped into at least five distinct clades, according to variations; the diversity in the env gene sequence (range of average diversity of subtypes 15-30%) can also influence their pathogenicity. These are designated A-E and recombinant strains, 7-9 a number that can be expected to increase as further studies reveal additional diversity. 10,11 Subsequently, studies have shown that it is possible to perform genetic classification for FIV based on the nucleotide sequence of gag, which is useful as a simple method for FIV subtyping. 12-14 Although less frequently used, pol can be used to confirm the genetic classification of FIV, 15 and, recently, inter-and intragenic recombination of FIV subtypes were detected when gag, pol and env were studied. 16 FIV infection occurs in domestic cats worldwide, with prevalence rates varying from 1-44% in different regions. 2, 17, 18 Outdoor, adult, male, sick cats are at increased risk of infection, because transmission occurs following bites from infected animals. 19 Although FIV was first recognized in 1993 in Brazil, 20 there are few data describing the prevalence, ecology, clinical aspects or genetic analyses of FIV in the country. It is important to emphasize that Brazil is a country with great territorial extension. Here, the reported prevalence estimates range from 2-37.5%. Preliminary studies suggested that FIV infection is widespread in the domestic cat population of Brazil, predominantly with subtype B, with a single report of subtype A circulation in cats in Maranhão, north-eastern Brazil, 5,21-24 but little is known about the prevalence and phylogeny of FIV in most states in the northeast region of Brazil. 5, 25 Finally, a better characterization of FIV strains circulating within Brazil is required to augment our understanding of the significance of FIV in felids in this country.
The aim of this study was to confirm the prevalence of FIV infection in domestic cats in the state of Ceará, Brazil, as well as to determine the factors associated with infection and the major circulating subtypes of the virus in the study area.
Materials and methods

Ethical Aproval
The present study was submitted to, and approved by, the Ethics Committee of Animal Experimentation and Animal Welfare of Federal University of Minas Gerais (CEUA/UFMG -315/2014).
Animals and samples
This study was carried out in north region of Ceará, north-eastern Brazil (Figure 1 ). Samples from 148 domestic shorthair cats were collected from 2014-2015. The cats in this study consisted of client-owned cats recruited through participating veterinary clinics in Sobral, Ceará. From this total, 63 cats came from four animal shelters and 12 from the zoonosis control center of Sobral. To evaluate factors associated with FIV infection, such as age, sex, sterilization and outdoor access, a questionnaire was completed for each cat and all cats underwent a general physical and clinical examination. Blood samples were obtained by jugular venipuncture using 25 G needles and 2 ml vacuum tubes with and without anticoagulant EDTA, following handling and supervision protocols, and with the owner's consent. All blood samples without anticoagulant were centrifuged for 10 mins at 1200 × g to obtain serum. DNA extraction was performed using DNeasy Blood and Tissue Kit following the manufacturer's instructions from blood samples in anticoagulant (Qiagen). Serum and DNA were stored at −80°C until diagnostic testing was performed.
Diagnostic tests and molecular characterization
The presence of FIV infection in cats was determined using the SNAP FIV/FeLV Combo Test (IDEXX Laboratories). Seropositive samples were tested using a PCR-based confirmatory test that amplified gag. 13 Gag and pol were used for phylogenetic analysis.
A semi-nested PCR using a forward primer targeting the primer biding site of the FIV genome and primers described by Rosati et al, 26 without restriction sites and transmembrane epitope sequences, were used to amplify the gag region, which encodes the entire FIV capsid (p24). The PCR reaction was performed in a total volume of 25 µl, containing 1 × Go Taq Mastermix (Promega), 10 pmol of each primer (FIVpbs and FIVP24rv) and 2.5 µl of extracted DNA. Amplification conditions were 94°C for 3 mins, 40 cycles at 94°C for 15 s, 52°C for 30 s and 72°C for 1 min and 30 s, followed by a final extension at 72°C for 10 mins. The semi-nested PCR was performed in a total of 25 µl, containing 1 × Go Taq Mastermix (Promega), 10 pmol of each primer (FIVP24fw and FIVP24rv) and 1 µl of PCR product. Amplification conditions were 94°C for 3 mins, 40 cycles of 94°C for 15 s, 50°C for 30 s and 72°C for 45 s, followed by a final extension at 72°C for 10 mins. A partial pol sequence was amplified using outer primers P1F/P2R and inner primers P2F/P1R, as described by Troyer et al. 27 Ultrapure water was used as a negative control and DNA from a naturally infected cat was used as a positive control (samples provided by Professor Margaret J. Hosie's laboratory).
The p24 or pol gene amplicons (669 or 577 bp, respectively) were purified from agarose gels using the Illustra GFX PCR DNA and Gel Band Purification Kit (GE Healthcare), according the manufacturer's recommendations. Bidirectional sequencing was performed using an BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) and an ABI 3500 sequencer (Applied Biosystems). The quality of the sequences was determined using Phred Electropherogram Quality Analysis software (available at http://asparagin.cenargen.embrapa.br/phph), 28 and chromatograms were checked manually and edited with MEGA program version 5.2.2. 29 Final sequence was obtained with CapContig application of the Bioedit Sequence Alignment Editor program version 7.2.5. 30 The FIV p24 and pol nucleotide sequences obtained in this study were aligned with FIV sequences retrieved from GenBank, using the CLUSTAL/W method implemented in MEGA program version 5.2.2. 29 Phylogenetic trees for FIV nucleotide sequences were constructed with MEGA 5 program, using the maximum likelihood method and Hasegawa-Kishino-Yano evolutive model with 1000 bootstrap replicates and gamma distribution.
Values for nucleotide identity were calculated using the Bioedit Sequence Alignment Editor program version 7.2.5. 30 The FIV nucleotide sequences of this data set have been deposited in the GenBank data base under accession numbers included in Figures 2 and 3 .
Statistical analysis
A questionnaire was created using EpiInfo software to gather and analyze data that could help to describe epidemiologically the FIV presence (age categories [young, adult and senior; sex; outdoor/street access; neutering status; presence or absence of clinical signs [weight loss, lymphadenopathy, gingivitis, stomatitis, diarrhea, vomiting, fever, anorexia, nasal discharge, coughing, sneezing, ocular discharge, conjunctivitis, otitis, behavioral changes, alopecia, pruritus and changes in the urinary system]; deworming; rabies vaccine; panleukopenia, rhinotracheitis and calicivirus triple vaccine). The association of all variables with the presence of FIV was assessed with the χ 2 test and odds ratio (OR). All analyses were performed according a minimal significance 
Results
Of 148 cats analyzed, nine (6.1%) tested positive for FIV infection (eight males and one female) (Figure 4 ). Univariate analysis of the associations between the epidemiological and animal characteristics and positive tests for FIV infection revealed that male cats were significantly more likely to be infected (χ 2 = 7.86; P = 0.005; OR = 11.5). Phylogenetic analysis of gag and pol sequences from five samples indicated that FIV isolates circulating in the study area belonged to subtype B, with 98.6-100% and 98.4-100% of nucleotide identity, respectively. FIV gag sequences showed close phylogenetic relationships with other sequences from Brazil (95.8-98.4% nucleotide identity) and Germany (98% nucleotide identity) (Figure 2 ). FIV pol sequences showed close phylogenetic relationship to isolates from Brazil, the USA and Japan (100-98.4% and 98.4-97% nucleotide identity, respectively) (Figure 3 ).
Discussion
FIV infection is a serious issue in feline medicine, typically involving chronic immune dysfunction and opportunistic infections. FIV occurs worldwide, with prevalence estimates of 1-14% in cats with no clinical signs and up to 44% in sick cats. 2 The overall FIV prevalence determined for the domestic cat population described here (6.1%) is lower than most previous reports for naturally infected cats in Brazil. 23, [31] [32] [33] However, the prevalence observed in the present study is similar to studies performed in Minas Gerais and Bahia. 21, 25 Nevertheless, it is not possible to compare the prevalence reported in these studies because of the differences in the cat populations studied and the different diagnostic methods used in each study. Studies addressing the prevalence and epidemiology of FIV have been mainly limited to southern and south-eastern Brazil. 5, 23, 31, 33 No studies have examined the prevalence and epidemiology of FIV within feline populations in Ceará, northeastern Brazil. It is important to emphasize that we expected to find a higher prevalence of FIV infection, given that these cats may have frequent interaction with other cats, owing the lifestyle of domestic cats in the study area, where most cats are not neutered and have outdoor access. More studies of naturally infected cats are needed to determine whether a lower prevalence could, indeed, be a characteristic of the state of Ceará.
Factors such as age, sex, behavior, lifestyle, type of habitat and health status have been shown to be associated with risk of FIV infection. 2, 18 As the number of FIVpositive cats identified was small, no significant associations between disease and risk factors were observed, with the exception of sex (OR 11.5, χ 2 = 7.86, P = 0.005; Figure 4 ), although many risk factors occurred in the majority of the infected population, such as not being castrated (n = 6/9) and having access to the streets (n = 6/9). FIV-infected cats were in relatively good health, with no specific clinical abnormalities, compared with the uninfected cats. Thus, the positive cats were considered to be in the asymptomatic phase of infection. Again, further studies examining a larger number of animals from Ceará are needed to better characterize the risks of FIV infection.
As a complementary study, nested PCR was performed on all positive samples. All seropositive cats tested positive by both PCR methods used, amplifying gag and pol. All PCR products were sequenced, although only five samples gave rise to sequence data that could be analyzed phylogenetically. As independent FIV isolates were identified and characterized, it became evident that genomic heterogeneity existed among different isolates. 7,9 Based on the diversity of the V3-V5 region of env, FIV is currently classified into five subtypes, A-E. 7-9 Within a subtype, there can exist sub-subtypes, which are distinct lineages that are very closely related to one subtype. 22 Preliminary studies have suggested that subtype B is predominant in the domestic cat population of Brazil, but confirmation of the circulating subtype(s) is essential owing the extension of the country and lack of data covering the whole territory.
Results from this first phylogenetic analysis of FIV sequences from the state of Ceará, Brazil, revealed that they clustered within subtype B and were closely related phylogenetically with Germany isolates (gag sequences; Figure 2 ) and isolates from the USA and Japan (pol sequences; Figure 3 ).
Conclusions
Previously, there have been no reports of the genetic characterization of FIV in the state of Ceará, Brazil. Here, we demonstrate a low prevalence of FIV infection in the state of Ceará, north-eastern Brazil. Male sex is a significant risk factor for FIV infection and the best predictive factor for FIV status. All isolates examined in this study clustered within subtype B, which is the predominant subtype in Brazil. It would be interesting to test a larger number of the cat population in the coming years to better understand the epidemiology and circulation of FIV strains in Ceará, Brazil.
